We experimentally observed a Hong-Ou-Mandle dip with 1.5-ȝm photon pairs generated in a periodically poled lithium niobate waveguide with integrated mode demultiplexer. The visibility of the dip was 78% without subtraction of any noise.
Introduction
When two identical photons overlap at different ports of a beam splitter, they will both exit the beam splitter at the same output (i.e., photon bunching) and no coincidence of the two outputs can be observed. This is the so-called "Hong-Ou-Mandle (HOM) dip" [1] . The HOM dip was first observed using photon pairs generated in a nonlinear crystal via the parametricdown conversion (PDC) process [1, 2] . However, the HOM dip without post-selection has not yet been observed in reverse-proton-exchanged (RPE) periodically poled lithium niobate (PPLN) waveguides, which have higher nonlinear conversion efficiencies, and hence higher PDC generation rates, compared to their bulk counterparts [3] . One of the difficulties has been the ability spatially separate identical photon pairs generated in such waveguides.
Experiment
We used an RPE PPLN waveguide with integrated mode multiplexer / demultiplexer based on asymmetric Y-junctions [4, 5] to separate the degenerate photon pairs generated via PDC in the quasi phase matching grating of the waveguide.
In the experiment, an external cavity tunable diode laser, operated at 1559 nm, was intensity modulated to generate a train of 90-ps-long pulses at a 100 MHz repetition rate. As shown in Fig. 1 , the 100 MHz RF signal for the amplitude modulator was derived from a pulse pattern generator (PPG). Using an erbium-doped fiber amplifier (EDFA), the pulses were amplified before being bandpass filtered (1-nm-wide FWHM) to reduce the spontaneous emission noise from the EDFA. A variable attenuator was used to change the overall power. The pulses were frequency doubled in a PPLN waveguide chip after which the fundamental frequency component was attenuated by ~180 dB using dichroic mirrors and short-pass filters. The second harmonic (SH) wave was then launched into the asymmetric Y-junction PPLN waveguide as the pump for the PDC process. The two output ports of this waveguide were fiber pigtailed to improve the collection efficiency and stability of operation. A free-space fiber bench with several long-pass filters (LPF) was inserted into each output fiber to eliminate residual SH pump light and other spurious nonlinear components. The asymmetric Y-junction waveguide was operated at its degeneracy point via temperature tuning. Due to the bandwidth of the down-converted photon pairs (~40 nm) the group velocity dispersion inside the waveguide cannot be ignored. Two 0.8-nm-wide band-pass filters (BPF) were used to equalize the spectral content of the two photons and define the photon pairs' coherence time as 4 ps. The photon pairs combined at a fiber-based 50:50 beam splitter. To achieve perfect time overlap, one of the photons was sent through a fiber optic delay line before being 
QFE1.pdf
978-1-55752-859-9/08/$25.00 ©2008 IEEE launched into the beam splitter. We inserted a polarization controller into each channel and one polarizer in the signal channel to equalize the polarization of the two photons. We used two InGaAs avalanche photodiodes (APD) operated in a gated mode with a 5-MHz frequency to detect the output photons of the beam splitter. The gate was synchronized with the incoming photons by the PPG. The quantum efficiency and dark count probability per gate of the detectors were 10% and 2 x 10 -5 , respectively. The two detectors were connected to the start and stop channel of a time interval analyzer (TIA), respectively. 
Results
Several HOM dips were recorded at different pump power settings. For example, Figure 2 (a) depicts the HOM dip at a peak pump power of 4.4 mW, which exhibits a 78%-visibility without subtraction of any accidental coincidences or post-selection. Figure 2(b) shows the HOM dip's visibility at different pump power settings. To the best of our knowledge, this is the first time that HOM dips were experimentally observed using photon pairs generated inside a PPLN waveguide. 
